Detailed explanation of the invention 

The present invention relates to a system for transforming electronic signals into 
mechanical movements in an electronic watch. 

Traditionally, stepper motors provided with a magnet and an iron piece with coils have 
been used to transform electric signals into mechanical movements in an electronic watch 
that has needles to indicate the time. In this transforming system, the coils are supplied 
with electric current sufficient to rotate the rotor. Stepper motors require significant 
electric current, using 40% to 70 % of the entire electric consumption. Electric 
consumption is the greatest problem to extending the life of batteries or down sized 
batteries. In addition, it is difficult to adjust the stepper motor for optimized operation. 
This inevitably leads to increased cost and deteriorated reliability. Furthermore, the 
stepper motor can be hardly down -sized. 

The present invention has resulted from discussions to overcome the above problems, and 
uses flexible and inexpensively deformable piezoelectric polymer materials for elements for 
transforming electric signals into mechanical movement. 

Embodiments and effects of the present invention are described in detail hereafter. 

Fig. 1 is a block diagram of an electronic watch according to the present invention, 
comprising a time reference generator section 1 including a piezoelectric crystal resonator, 
a frequency divider circuit 2 for appropriately reducing the frequency of electric signals 
from section 1, a section 3 for transforming the signals of a frequency which is 
appropriately reduced at the section 2, a transmission section 4 for transmitting the 
mechanical movements obtained at the section 3 to the needles to indicate the time, and a 
time display section 5. The present invention focuses on an electromechanical 
transforming section 3 in Fig.l, providing a novel electromechanical transforming system. 

Fig.2 is a schematic illustration to show an embodiment of the electromechanical 
transforming system of the present invention. Piezoelectric polymer member 6 is, for 
example, comprised of polyvinyl chloride (PVC), polyvinyl fluoride (PVF), polyvinylidene 
fluoride (PVF2 or PVDF), or nylon, made piezoelectric by poling. The piezoelectric 
polymer member 6 has electrodes 7a and 7b on either surface. When voltage is applied to 
the electrodes, the polymer piezoelectric member 6 extends in the direction of the electrode. 
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Fixed at 10a and 10b, the piezoelectric member 6 cannot extend in the direction of 10a, 10b, 
and therefore extends in the direction indicated by the arrow 11. A lever 8 is fixed to the 
piezoelectric member at the center and moves like a piston. A ratchet gear wheel 9 is 
provided at the tip of the lever 8 in a manner such that the lever 8 and the gear abut 
against each other and the gear is advanced by 1 as the lever shifts. Thus, the electric 
signals applied to the piezoelectric member are transformed into mechanical movement to 
rotate the ratchet gear wheel. 

Fig.3 is a schematic illustration to show another embodiment of the electromechanical 
transforming system of the present invention. A piezoelectric member 12 has electrodes 
13, 14 on either surface and is fixed to a mounting pedestal 15 at one end. A lever 16 is 
fixed to the other end of the piezoelectric member, parallel to its surfaces. The tip of the 
lever 16 is disposed in a manner similar to that of Fig. 2 in relation to the gear of a ratchet 
gear wheel 17. When voltage is applied to the electrodes 13, 14, the piezoelectric member 
12 extends in the direction 18 and the lever 16 rotates the ratchet gear wheel 17 in 
association therewith. Fig.4 is an illustration of another embodiment of the present 
invention. A piezoelectric member 19 has electrodes 20a, 20b on either surface. One end 
of the spiral piezoelectric member is secured to a fitting 21. Using the spiral piezoelectric 
member 19 increases the displacing distance and, accordingly, the shift in the direction 23. 
This facilitates advancing the ratchet gear wheel. A spiral shape is not restrictive for 
increased movement of the piezoelectric member in a limited space. Various shapes can 
be selected depending upon the space for housing it. 

Fig. 5 shows two piezoelectric members stuck together for increased strength. This 
embodiment uses two materials adhered together. However, more members can be used if 
necessary within the scope of the present invention. Fig. 5 shows piezoelectric members 
24a, 24b having electrodes 25a, 25b, and 25c, a lever 26, and a gear wheel 27. With the 
voltage applied, the piezoelectric members move in the direction 28. Instead of adhering 
them together, for example, a piezoelectric member 29 can be reinforced by a metal spring 
30 as shown in Fig. 6. 

The present invention is described with reference to the embodiments, and offers many 
commercial and practical advantages. It eliminates the need for a conventional stepper 
motor, and piezoelectric members can be easily deformed into different shapes, facilitating 
the inexpensive production of transformers. Coils used in the stepper motor are also 
eliminated, thereby achieving down-sizing. 
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Brief description of the drawings 

Fig. 1 is a block diagram according to the present invention. Figs. 2, 3, 4, and 5 are 
embodiments of the electromechanical transformer of the present invention. Fig.6 is an 
illustration to show reinforcement of the piezoelectric member. 
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